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(54) Vasoocclusive device lor treatment of aneurysms 



(57) The three dimensional device is adapted to be 
inserted into a portion of a vasculature for occluding the 
portion of the vasculature for use in interventional ther- 
apy and vascular surgery. The device is formed from a 
multi-stranded microcable having a plurality of flexible 
strands of a shape memory material and at least one 
radiopaque strand. The flexible strands in a multi- 
stranded micro-cable of the device can be helically 
wound, or can be configured as parallel, longitudinal 
strands, and can also be formed to have a secondary, 
three dimensional therapeutic configuration, such as 
helical, conical, spherical, or other geometric shapes. 
The strands can be made of a shape memory nickel ti- 
tanium alloy, that is highly flexible at a temperature ap- 
propriate tor introduction into the body via a catheter, 
and that after placement will take on the therapeutic 



shape. The device can also include a therapeutic agent, 
and can be bundled by an outer cover to constrain the 
strands of the micro-cable about a longitudinal axis to 
produce a composite banded cable. The radiopaque 
strand can have a core strand with a plurality of inter- 
mittently spaced apart enlarged radiopaque portions 
that may be a plurality of beads of radiopaque material 
spaced apart and mounted on the core strand, or a plu- 
rality of coils intermittently wound about and spaced 
apart on the core strand. A polyhedral occlusive device 
is also provided, adapted to be inserted into a portion of 
a vasculature for occluding a portion of the vasculature, 
tor use in interventional therapy and vascular surgery. 
One or more therapeutic fibers can also be woven into 
the coil to enhance treatment of the site after placement 
of the device. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] This invention relates generally to implantable 
devices for interventional therapeutic treatment or vas- 
cular surgery, and concerns a stranded micro-cable with 
enhanced radiopacity that can be used to fabricate a 
vascular device, a stent, a guidewire or the like. More 
particularly, the invention relates to three dimensional 
microcoil vasoocclusive devices fabricated from strand- 
ed micro-cable. 

Description of Related Art: 

[0002] The art and science of interventional therapy 
and surgery has continually progressed towards treat- 
ment of internal defects and diseases by use of ever 
smaller incisions or access through the vasculature or 
body openings, in order to reduce the trauma to tissue 
surrounding the treatment site. One important aspect of 
such treatments involves the use of catheters to place 
therapeutic devices at a treatment site by access 
through the vasculature. Examples of such procedures 
include transluminal angioplasty, placement of stents to 
reinforce the walls of a blood vessel or the like and the 
use of vasoocclusive devices to treat defects in the vas- 
culature. There is a constant drive by those practicing 
in the art to develop new and more capable systems for 
such applications. When coupled with developments in 
biological treatment capabilities, there is an expanding 
need for technologies that enhance the performance of 
interventional therapeutic devices and systems. 

[0003] One specific field of interventional therapy that 
has been able to advantageously use recent develop- 
ments in technology is the treatment of neurovascular 
defects. More specifically, as smaller and more capable 
structures and materials have been developed, treat- 
ment of vascular defects in the human brain which were 
previously untreatable or represented unacceptable 
risks via conventional surgery have become amenable 
to treatment. One type of non-surgical therapy that has 
become advantageous for the treatment of defects in 
the neurovasculature has been the placement by way 
of a catheter of vasoocclusive devices in a damaged 
portion of a vein or artery. 

[0004] Vasoocclusion devices are therapeutic devic- 
es that are placed within the vasculature of the human 
body, typically via a catheter, either to block the flow of 
blood through a vessel making up that portion of the vas- 
culature through the formation of an embolus or to form 
such an embolus within an aneurysm stemming from the 
vessel. The vasoocclusive devices can take a variety of 
configurations, and are generally formed of one or more 
elements that are larger in the deployed configuration 
than when they are within the delivery catheter prior to 



placement. One widely .used vasoocclusive device is a 
helical wire coil having a deployed configuration which 
may be dimensioned to engage the walls of the vessels. 
One anatomically shaped vasoocclusive device that 
5 forms itself into a shape of an anatomical cavity such as 
an aneurysm and is made of a pre-formed strand of flex- 
ible material that can be a nickel-titanium alloy is known 
from U.S. Patent No. 5.645,558, which is specifically in- 
corporated by reference herein. That vasoocclusive de- 
io vice comprises one or more vasoocclusive members 
wound to form a generally spherical or ovoid shape in a 
relaxed state. The vasoocclusive members can be a hel- 
ically wound coil or a co-woven braid formed of a bio- 
compatible material, and the device is sized and shaped 
15 to fit within a vascular cavity or vesicle, such as for treat- 
ment of an aneurysm or fistula. The vasoocclusive 
member can be first helically wound or braided in a gen- 
erally linear fashion, and is then wound around an ap- 
propriately shaped mandrel or form, and heat treated to 
20 retain the shape after removal from the heating form. 
Radiopacity can be provided in the vasoocclusive mem- 
bers by weaving in synthetic or natural fibers filled with 
powdered radiopaque material, such as powdered tan- 
talum, powdered tungsten, powdered bismuth oxide or 
25 powdered barium sulfate, which can potentially be re- 
leased during vascular surgery. 

[0005] Another occlusion device for closing defects in 
vascular walls is known that is formed by a pair of distinct 
sections of varying configuration, which may be para- 
30 bolic or conical bodies oriented to flare outward. Yet an- 
other implantable vasoocclusive device is known that is 
formed by a complex, helically wound coil adapted to 
take on a secondary shape suitable for snugly fitting 
within a given vascular cavity upon deployment, that can 
35 be formed by winding the coil on a mandrel having ra- 
dially extending poles. 

[0006] The delivery of such vasoocclusive devices 
can be accomplished by a variety of means, including 
via a catheter in which the device is pushed through the 
40 catheter by a pusher to deploy the device. The vasooc- 
clusive devices, which can have a primary shape of a 
coil of wire that is then formed into a more complex sec- 
ondary shape, can be produced in such a way that they 
will pass through the lumen of a catheter in a linear 
45 shape and take on a complex shape as originally formed 
after being deployed into the area of interest, such as 
an aneurysm. A variety of detachment mechanisms to 
release the device from a pusher have been developed 
and are known in the art. 

so [0007] For treatment of areas of the small diameter 
vasculature such as a small artery or vein in the brain, 
for example, and for treatment of aneurysms and the 
like, micro-coils formed of very small diameter wire are 
used in order to restrict, reinforce, or to occlude such 
55 small diameter areas of the vasculature. A variety of ma- 
terials have been suggested for use in such micro-coils, 
including nickel-titanium alloys, copper, stainless steel, 
platinum, tungsten, various plastics or the like, each of 
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which offers certain benefits in various applications. 
Nickel-titanium alloys are particularly advantageous for 
the fabrication of such micro coils, in that they can have 
super-elastic or shape memory properties, and thus can 
be manufactured to easily fit into a linear portion of a 
catheter, but attain their originally formed, more complex 
shape when deployed. Although various materials are 
more or less kink resistant when nickel-titanium alloys 
are dimensioned into wire smaller than approximately 
0.010 inches in diameter, they can have low yield 
strength and can kink more easily, thus severely limiting 
the applications for such finely drawn wire in the fabri- 
cation of vasoocclusive devices. As a further limitation 
to such applications, nickel-titanium alloys are also not 
radiopaque in small diameters, and a single nickel-tita- 
nium wire would need to be approximately 0.01 2 inches 
in diameter to be even slightly radiopaque. However, 
such a thickness of a single nickel-titanium wire would 
unfortunately also be relatively stiff and possibly trau- 
matic to the placement site, particularly if used for treat- 
ment of delicate and already damaged areas of the 
small diameter vasculature such as an aneurysm in an 
artery or vein in the brain, for example. 

[0008] One conventional guidewire for use in a cath- 
eter is known that is made of a high elasticity nickel- 
titanium alloy, and is useful for accessing peripheral or 
soft tissue targets. The distal tip of the guidewire is pro- 
vided with a radiopaque flexible coil tip, and a radio- 
paque end cap is attached to the guidewire by a radio- 
paque ribbon. Such a construction is complex to manu- 
facture, fragile and can potentially break off during use 
with undesirable results. A stretch resistant vasoocclu- 
sive coil is also known that can be made of a primary 
helically wound coil of platinum wire, with a stretch-re- 
sisting wire attached within the primary coil between two 
end caps. Unfortunately, such a construction is relatively 
difficult to fabricate and also fragile, allowing for the pos- 
sibility of the fracture of the central radiopaque wire, the 
coil, the welds or some combination of them, and it can 
also potentially break off during use. Also, such a con- 
struction has a complex and nonlinear bending charac- 
teristic, dependent on the spacing of the coils and cen- 
tral wire and the radius of the bend of the coil. 

[0009] From the above, it can be seen that vasooc- 
clusive devices and their attendant deployment systems 
provide important improvements in the treatment of 
damaged neurovascular areas. However, there remain 
important limitations in the technology presently availa- 
ble to fabricate these devices. It would therefore be de- 
sirable to provide a structural element that can be incor- 
porated into a stent, guidewire, micro-coil or the like, 
which offers the advantages of a shape memory alloy 
such as a nickel-titanium alloy, and that incorporates ra- 
diopaque material in a stable configuration that is not 
subject to breaking during use of the device, so that the 
device can be visualized under fluoroscopy. It would al- 
so be desirable to be able to create a variety of three 
dimensional vasoocclusive shapes that can be de- 



ployed from a catheter into an aneurysm or other defect 
and to thereby provide an efficient therapy for treatment 
of the defect. The present invention meets these and 
other needs. 

5 

SUMMARY OF THE INVENTION 

[0010] Significant advances have been made in the 
treatment of neurovascular defects without resolution to 
io surgery. More specifically, micro catheters have been 
developed which allow the placement of vasoocclusive 
devices in an area of the vasculature which has been 
damaged. In presently used techniques, the vasoocclu- 
sive devices take the form of spiral wound wires that can 
is take more complex three dimensional shapes as they 
are inserted into the area to be treated. By using mate- 
rials that are highly flexible, or even super-elastic and 
relatively small in diameter, the wires can be installed in 
a micro-catheter in a relatively linear configuration and 
20 assume a more complex shape as it is forced from the 
distal end of the catheter. 

[0011] In order to gain the advantages presently being 
realized with micro-catheter therapies and procedures 
to repair damage to the vasculature in the brain and oth- 
25 er vessels, shape memory materials such as nickel-ti- 
tanium alloys have been incorporated in vasoocclusive 
devices to be placed by the catheters. However, the 
range of diameters of wire and the configurations of the 
resulting geometry of both the coils and the devices de- 
30 veloped which can be used have been limited by both 
the relatively small diameter of wire that must be used 
to avoid trauma and allow housing within the catheter 
prior to deployment, and the requirement for larger di- 
ameters to provide for radiopaque markers and me- 
ss chanical robustness. In many cases this has resulted in 
primary wire characteristics in the coil that are unaccept- 
ably stiff, very delicate, or subject to kinking. The present 
invention obtains significant advantages over such prior 
art devices by providing a cable of multiple strands of 
40 an alloy adapted to be used in catheters, stents, vasooc- 
clusive devices, guidewires and the like, thus providing 
a kink resistant, high strength material with highly desir- 
able performance characteristics which can be altered 
by construction details to suit a variety of interventional 
45 therapeutic procedures. 

[0012] More specifically, it has been found that single 
strands of small diameter nickel-titanium alloys, as well 
as other metal alloys, used to form vasoocclusive devic- 
es can be kinked if twisted and pulled as can occur dur- 
50 ing or after deployment from a catheter, especially if the 
doctor wishes to withdraw a partially deployed coil be- 
cause it is somehow incorrect in size, shape or length 
to repair the damage to the vessel. Also, single wire coils 
are more likely to cause trauma to the area to be treated 
55 if the wire is of a sufficient diameter to provide adequate 
tensile strength. Furthermore, such small diameter 
wires of some of these materials such as nickel-titanium, 
stainless steel and the like, are not generally radiopaque 
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with currently available equipment, necessitating the 
use of radiopaque markers attached to the device, with 
the resultant possible diminution of functionality and in- 
creased diameter. 

[0013] The present invention solves these and other 5 
problems by providing, in its broadest aspect, a micro- 
cable which includes at least one radiopaque strand to 
offer a continuous indication under fluoroscopy of the 
deployed configuration of the device incorporating the 
micro-cable. When combined with the benefits of a ma- 
terial such as nickel-titanium in the other strands of the 
micro-cable, numerous advantages are available from 
the use of this basic construction in interventional med- 
icine. 

[0014] Briefly, and in general terms, a presently pre- 
ferred embodiment of the present invention provides for 
a multi-stranded micro-cable made of a suitable material 
such as stainless steel ora nickel-titanium alloy, with the 
cable including at least one radiopaque strand, made of 
platinum, tungsten or gold, in order to serve as a marker 
during a procedure. The multi-stranded micro-cable can 
be configured into a stent, guidewire, micro-coil or the 
like used in micro-catheters, for example, to restrict, re- 
inforce, or to occlude areas of the small diameter vas- 
culature such as an artery or vein in the brain, for exam- 
ple, for treatment of aneurysms and the like. 

[0015] In one presently preferred embodiment, the in- 
vention accordingly provides for a multi-stranded micro- 
cable formed of a plurality of flexible strands of a super 
elastic material, and at least one radiopaque strand. In 
one presently preferred embodiment, the multi-stranded 
micro-cable comprises a plurality of flexible strands of 
nickel-titanium alloy, the micro-cable having at least one 
central axially disposed radiopaque wire, such as plati- 
num, tungsten or gold, for example, in order to provide 
a radiopaque marker during vascular procedures. In this 
preferred embodiment, the construction of the invention 
places the lowest tensile strength and highest flexibility 
member, the radiopaque marker strand, in a position in 
the cable which results in minimum stress on that mem- 
ber; at the same time, the super elastic material is in the 
outer strands, which have the dominant affect on per- 
formance parameters, thus enhancing the benefits of 
the material. Another benefit associated with the inven- 
tion compared to prior art devices is that the multiple 
stranded cable configuration, in addition to providing a 
highly flexible and resilient structure, eliminates the ne- 
cessity of a safety wire, since the failure of a single 
strand will not cause a severing of the cable. Also, the 
construction prevents stretching of the cable in the event 
of failure of a single strand, which is a significant benefit 
compared to constructions which have a coil around a 
central safety wire. 

[0016] In a second presently preferred embodiment, 
the invention includes a multi stranded cable construct- 
ed of multiple twisted strands of a suitable material such 
as a shape memory alloy or super elastic alloy of nickel- 
titanium, with one or more of the twisted strands con- 



sisting of a radiopaque material. The radiopaque strand 
may be one or more of the peripheral twisted strands 
and may also include one or more central strands of the 
cable. In a preferred aspect of the embodiment, the ca- 
ble consists of six peripheral twisted strands and a cen- 
tral linear core strand, one or more of which can be of 
radiopaque material. 

[0017] In a third aspect of the invention, the cable can 
be of linear strands that are arranged in a bundle and 
fastened or bound at intervals, or continuously, in order 
to maintain contact among the strands as the cable is 
bent. One or more of the strands may be radiopaque. 
This construction is adaptable to guidewires and other 
structures that must be pushable and/or torqueable, but 
still remain highly flexible and include radiopacity. Vari- 
ations on this embodiment can include an outer sheath 
which consists of a solid or helically wound coverto pro- 
vide enhanced torqueability and pushability. More spe- 
cifically, the outer sheath can vary in thickness, stiffness 
of material or spring of the sheath members to provide 
desired variations in bending or stiffness of the cable. 
Such a construction is particularly adaptable to 
guidewires and the like, and can be varied in terms of 
the binding or outer layer to alter the torqueability of the 
cable, and the flexibility of the cable can be varied along 
its length by the number and sizes of the stranded mem- 
bers in the cable. 

[001 8] In a fourth aspect of the invention , one or more 
of the strands can be of a therapeutic material used to 
enhance treatment of the site after placement of the de- 
vice. In one presently preferred embodiment of the in- 
vention, the cable includes twisted strands of wire 
around the periphery of the cable, at least one of which 
is radiopaque. The core of the cable contains a thera- 
peutic agent such as human growth hormone, genetic 
material, antigens or the like that are intended to be- 
come active after placement. Such a construction can 
be adapted to a variety of interventional therapeutic 
treatments. In one aspect of this embodiment, one of 
the strands can have multiple functions, such as provid- 
ing both a therapeutic effect and also contributing to the 
structural integrity of the cable. By using copper in such 
a micro-cable, for instance, the copper can enhance the 
use of a device made from the cable as an intrauterine 
device, with the copper also contributing to the radio- 
pacity and structural integrity of the micro-cable. In the 
event that such an effect is desired, the therapeutic 
strand can be placed on the exterior of the cable to en- 
hance contact with the site to be treated. 

[001 9] In a fifth aspect of the invention, a three dimen- 
sional occlusive device is provided that is adapted to be 
inserted into a portion of a vasculature for occluding the 
portion of the vasculature for use in interventional ther- 
apy and vascular surgery, that comprises at least one 
multi-stranded micro-cable having a plurality of flexible 
strands of a resilient material, with at least one radio- 
paque strand to provide a radiopaque marker of the de- 
ployed configuration of a device made of the cable dur- 
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ing vascular surgery. The occlusive device is configured 
to have a primary, collapsed coil configuration or shape, 
and an expanded, or secondary three dimensional coil 
configuration or shape, that can be generally helical, 
conical, or spherical shapes. The flexible strands in a 5 
multi-stranded micro-cable of the occlusive device can 
be helically wound, or can be configured as parallel, lon- 
gitudinal strands. In a currently preferred embodiment, 
at least one of the strands comprises a super-elastic ma- 
terial. In another currently preferred embodiment, a plu- 
rality of the strands comprises a super-elastic material. 

One presently preferred super-elastic material compris- 
es a nickel titanium alloy, that can be heat treated such 
that the alloy is highly flexible at a temperature appro- 
priate for introduction into the body via a catheter, and 
after placement, the device will seek its minimum energy 
shape as originally formed and thereby take on a shape 
designed to optimize the therapeutic purposes desired 
for the device. 

[0020] In another aspect of the invention, at least one 
of the strands comprises a shape memory material. In 
another currently preferred embodiment, a plurality of 
the strands are comprised of a shape memory material. 
One presently preferred shape memory material com- 
prises a shape memory polymer. In one configuration, 
the strands of the micro-cable are arranged as exterior 
strands surrounding at least one interior strand, or core, 
and at least one radiopaque strand is disposed in the 
micro-cable, either centrally, axially disposed in the bun- 
dle of strands, or in the exterior strands surrounding the 
central core. The micro-cable can include a plurality of 
radiopaque strands, such as platinum, gold, ortungsten. 
[0021] In the fifth aspect of the invention, at least one 
of the strands in the core or exterior strands can com- 
prise a therapeutic agent, such as a copper or copper 
alloy wire or any of a variety of therapeutically active 
metals, alloys or components, a fiber such as Dacron 
(polyester), polyglycolic acid, polylactic acid, fluoropol- 
ymers, nylon, polyaramid fiber (e.g.Kev lariS)), or silk 
chosen for thrombo genic ity. Since the micro-cable con- 
sists of stranded parts, one or more strands may be 
longer than others, or even intermittently terminated, to 
thereby extend beyond the diameter of the remaining 
strands and thereby increase the therapeutic effect of 
that strand. Alternatively, at least one of the strands can 
be coated with or impregnated with a therapeutic mate- 
rial, which can include, but is not limited to, any one or 
combination of human growth hormone, genetic mate- 
rial, antigens, hydrogels, collagen, bio-absorbable pol- 
ymers such as lactic acids/glycolic acids, caprolactam 
or microcellular foam. In addition, the therapeutic ele- 
ment can comprise a means to conduct energy, such as 
an optical fiber to conduct light energy. 

[0022] In the fifth aspect of the invention, the strands 
of the micro-cable can also be bundled by at least one 
outer cover or sheath to constrain the strands of the mi- 
cro-cable about a longitudinal axis to produce a com- 
posite banded cable. The outer sheath can comprise a 



containment strand wound about the strands and made 
of a low friction material, such as a fluoropolymer, for 
example, or a heat shrinkable plastic tube. In one fea- 
ture of the fifth aspect of the invention, a plurality of heat 
shrink plastic covers are placed over the strands of the 
micro-cable to provide bending stiffness in the cable. 
The strands of the micro-cable can be banded at inter- 
vals by a plurality of bands. In another variation, a plu- 
rality of micro-cables that are arranged as parallel, lon- 
gitudinal micro-cables or a helically wound micro-cables 
to form a composite cable can have an exterior wrapped 
cover that can be wound at greater or lesser intervals 
along the outside to provide variations in the torqueabil- 
ity and stiffness of the composite cable. Also, the thick- 
ness and width of the wrapping cover, as well as its ma- 
terial composition along the composite cable can vary 
in cross section along the length of the composite cable 
to provide bending stiffness of said cable which varies 
with the position on said cable. Also, the number of 
strands and the degree to which they extend along the 
composite cable can be varied within the sheath, and 
the outer sheath itself can be multi-layered with different 
materials in order to provide a graduated bending and 
stiffness characteristic over the length of the cable. The 
occlusive device thus can be formed of a plurality of mi- 
cro-cables in order to provide desired bending and 
strength characteristics, either as helically wound micro- 
cables, or parallel longitudinal micro-cables having a 
collapsed composite cable configuration and an ex- 
panded composite cable configuration with a secondary 
shape. In another feature of the fifth aspect of the inven- 
tion, the composite cable can further comprise at least 
one longitudinal sensing element for sensing a param- 
eter, such as an optical imaging element, i.e., where the 
sensing element can comprises an optical fiber. Alter- 
natively, the sensing element can comprise a thermal 
imaging element, or an ultrasound imaging element, for 
example. 

[0023] In a further aspect of the invention, the form 
about which the three dimensional shape is wound is 
formed from metal, ceramic or other heat resistant ma- 
terial and has formed within it the path desired for the 
micro-cable corresponding to the shape. For example, 
the form can be of a spherical configuration, with the 
surface containing channels into which the cable is laid 
prior to heat treating. The channels can be arranged so 
that the resultant shape is kink resistant and relatively 
easy to withdraw without kinking. The form can also con- 
tain passages through which the cable can pass to ad- 
vantageously form the shape. 

[0024] After the cable is wound around the form, the 
form and cable can be heat treated to cause the cable 
material to adopt the shape of the form as a low energy 
shape. The cable can then be removed from the form 
and put into a catheter-introducer prior to use in intra- 
vascular therapy. 

[0025] In another presently preferred embodiment, 
the invention comprises a device for use in intervention- 



10 



15 



20 



25 



30 



35 



40 



50 



55 



5 




9 



EP 1 219 246 A2 



10 



al therapy and vascular surgery, adapted to be inserted 
into a portion of a vasculature, comprising a shape 
memory coil having an outer coil portion and an inner 
core portion, the shape memory coil having a collapsed 
primary coil configuration and an expanded secondary 
configuration with a three dimensional shape; and a ra- 
diopaque strand extending through the core of the 
shape memory coil to provide a radiopaque marker of 
the deployed configuration of the device. In one pres- 
ently preferred embodiment, the shape memory coil 
comprises a multi-stranded coil having a plurality of flex- 
ible strands of a resilient material, and in an alternate 
preferred embodiment, the shape memory coil compris- 
es a single stranded coil, such as of a nickel titanium 
alloy, or a shape memory polymer, for example. The ra- 
diopaque strand enhances the radiopacity of a multi- 
stranded coil, as well as a single stranded coil of pure 
nickel titanium alloy, which will advantageously not fray 
upon stretching, and is stretch resistant. With such an 
inner radiopaque strand, the coil can also be made of 
other materials, such as a shape memory polymer such 
as polyurethane, for example. 

[0026] In a presently preferred embodiment, the radi- 
opaque strand comprises a core strand having a plural- 
ity of intermittently spaced apart enlarged radiopaque 
portions that can comprise a radiopaque material select- 
ed from the group consisting of platinum and gold, for 
example. The core strand can comprise a material se- 
lected from the group consisting of platinum, gold, a 
shape memory polymer having a glass transition tem- 
perature (T g ) below 25° C, a hydrogel, an amorphous 
gel, and a fiber. In one presently preferred aspect, the 
enlarged radiopaque portions can comprise a plurality 
of beads of radiopaque material spaced apart and 
mounted on a core strand of material, and the beads 
may comprise a radiopaque material selected from the 
group consisting of platinum, gold and tungsten. In an- 
other presently preferred aspect, one or more of the plu- 
rality of beads can optionally be bonded to a segment 
of the shape memory coil, such as an end bead bonded 
to an end segment of the shape memory coil, for exam- 
ple. 

[0027] In another presently preferred aspect, the en- 
larged radiopaque portions may comprise a plurality of 
coils intermittently wound about and spaced apart on the 
core strand, and the core strand can comprise a radio- 
paque material selected from the group consisting of 
platinum and gold. The spaced apart coils can comprise 
a radiopaque material selected from the group consist- 
ing of platinum and gold. 

[0028] In another presently preferred embodiment, a 
polyhedral occlusive device is provided, adapted to be 
inserted into a portion of a vasculature for occluding a 
portion of the vasculature, for use in interventional ther- 
apy and vascular surgery. The occlusive device can be 
formed with multiple coils centrally connected together 
at their inner ends to a central coil body and radiating 
outward from the central coil body. When inserted within 



a vessel at a treatment site, such as within an aneurysm, 
the radiating coil arms of the occlusive device extend to 
fill the vessel in .three dimensions, allowing the occlusive 
device to accommodate the shape of the vessel. 

5 [0029] In another presently preferred embodiment, 

the device for use in interventional therapy and vascular 
surgery includes a micro-cable or coil formed of one or 
more flexible strands of a resilient material, having a col- 
lapsed primary coil configuration and an expanded sec- 
io ondary configuration with a three dimensional shape; 
and one or more therapeutic fibers woven into the coil 
to enhance treatment of the site after placement of the 
device. The coil can also be formed to include one or 
more radiopaque strands to provide a radiopaque mark- 
15 er ofthe deployed configuration of the device. The one 
or more therapeutic fibers can be woven about adjacent 
or non-adjacent loops of the coil, or can be woven 
through multiple strands of adjacent loops of the coil. 
The one or more therapeutic fibers are made of a ma- 
terial that will provide a timed release of a therapeutic 
agent intended to become active after placement of the 
device, such as human growth hormone, collagen, a 
modified polymer with growth factor, genetic material for 
gene therapy, antigens, or the like. A plurality of thera- 
peutic fibers can be provided so that the different fibers 
in the coil can provide different therapeutic agents to 
provide a range of therapies. 

[0030] Thus, in summary, according to one aspect of 
the present invention there is provided a multi-stranded 
micro-cable for use in interventional therapy and vascu- 
lar surgery, comprising: a plurality of flexible strands of . 
a resilient material; said micro-cable including at least 
one radiopaque strand to provide a radiopaque marker. 
[0031] Advantageously at least one radiopaque 
strand comprises an axially disposed radiopaque wire. 
[0032] Advantageously at least one of said plurality of 
flexible strands of a resilient material are comprised of 
a super-elastic material. Preferably at least one of said 
super-elastic material comprises a nickel titanium alloy. 
[0033] Advantageously at least one of said plurality of 
flexible strands of a resilient material are comprised of 
a shape memory material. Preferably said shape mem- 
ory material comprises a nickel-titanium alloy. Alterna- 
tively said shape memory material comprises a shape 
memory polymer. Preferably said radiopaque strands 
comprise a plurality of strands of said micro-cable, at 
least one of said plurality of radiopaque strands arrayed 
in the outer twisted strands of said cable. 

[0034] Advantageously said plurality of flexible 
strands further comprise a central core wire, said plural- 
ity of flexible strands are twisted about said central core 
wire, and at least one of said twisted strands comprising 
a radiopaque strand. 

[0035] Advantageously said plurality of flexible 
strands further comprises a plurality of flexible strands 
twisted about a central core wire, said central core wire 
being made of a radiopaque material. 

[0036] Advantageously said radiopaque strand com- 
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prises a material selected from the group consisting of 
platinum, gold, and tungsten. 

[0037] Advantageously the multi-stranded micro-ca- 
ble further comprises at least one strand of a therapeutic 
material. Preferably said strand of therapeutic material 
is selected from the group consisting of hydrogel and 
human growth hormone. 

[0038] Advantageously the multi-stranded micro-ca- 
ble further comprises a sheath to constrain said strands 
of said micro-cable about a longitudinal axis. Preferably 
said sheath comprises a containment strand wound 
about said longitudinal strands. Alternatively said 
sheath comprises a heat shrinkable plastic tube. 

[0039] Advantageously the multi-stranded micro-ca- 
ble further comprises an outer flexible sheath of low fric- 
tion material. Preferably said outer sheath comprises a 
fluoropolymer. 

[0040] Advantageously said sheath further comprises 
a plurality of heat shrink plastic covers placed to provide 
bending stiffness in said cable which varies with the po- 
sition on said cable. 

[0041 ] ; Advantageously said sheath further comprises 
a sheath which varies in cross section along its length 
to provide bending stiffness of said cable which varies 
with the position on said cable. 

[0042] Advantageously the multi-stranded micro-ca- 
ble further comprises at least one longitudinal element 
for sensing a parameter. Preferably said sensing ele- 
ment comprises an optical fiber. 

[0043] Advantageously the multi-stranded micro-ca- 
ble further comprises at least one longitudinal element 
for providing a therapeutic effect at a location near the 
distal end of said cable. Preferably said therapeutic el- 
ement comprises means to conduct energy. Preferably 
said means to conduct energy comprises an optical fiber 
to conduct light energy. 

[0044] According to another aspect of the present in- 
vention there is provided a multi-stranded micro-cable 
for use in interventional therapy and vascular surgery 
comprising: a plurality of flexible strands made of a re- 
silient material helically wound around a central core, 
said central core comprising an axially placed therapeu- 
tic substance. 

[0045] Advantageously said therapeutic substance 
includes one or more of components from the group of 
hydro-gel, collagen, bio-absorbable polymers such as 
lactic acids/glycolic acids and capro lactam. 

[0046] Advantageously said cable further comprises 
at least one of said strands of resilient material being a 
radiopaque strand to provide a radiopaque marker dur- 
ing a therapeutic procedure. 

[0047] Advantageously at least one of said flexible 
strands of the wire made of resilient material further 
comprises a shaped memory or super-elastic material. 
[0048] Advantageously said shaped memory or su- 
per-elastic material further comprises a nickel titanium 
alloy. 

[0049] Advantageously said therapeutic material fur- 



ther comprises material. to promote human cell growth. 
[0050] Advantageously said therapeutic substance 
core is a fiber such as Dacron (polyester), polyglycolic 
acid, polylactic acid, fluoropolymers, nylons, polyaramid 
5 fiber kevlar or silk chosen for thrombogenicity. 

[0051] Advantageously the multi-stranded micro-ca- 
ble further comprises replacing at least one strand in 
said outer wound strands with a strand of a therapeutic 
material. 

io [0052] According to another aspect of the present in- 
vention there is provided a device for use in interven- 
tional therapy and vascular surgery, adapted to be in- 
serted into a portion of a vasculature, comprising: at 
least one multi-stranded micro-cable having a collapsed 
15 primary coil configuration and an expanded secondary 
configuration with a three dimensional shape, each said 
multi-stranded micro-cable having a plurality of flexible 
strands of a resilient material and at least one radio- 
paque strand to provide a radiopaque marker of the de- 
20 ployed configuration of the device. 

[0053] Advantageously said secondary three dimen- 
sional shape is selected from the group consisting of 
generally spherical, generally helical, and generally 
conical shapes. - 

25 [0054] Advantageously said plurality of strands are 

helically wound. 

[0055] Advantageously said plurality of flexible 
strands are parallel longitudinal strands. 

[0056] Advantageously at least one of said plurality of 
30 strands comprises a super-elastic material. Preferably 
said super-elastic material comprises a nickel titanium 
alloy 

[0057] Advantageously at least one of said strands 
comprises a shape memory material. 

35 [0058] Advantageously said shape memory material 
comprises a nickel-titanium alloy. Preferably said shape 
memory nickel-titanium alloy is heat treated such that 
the alloy is highly flexible at a temperature appropriate 
for introduction into the body via a catheter, and after 
40 placement, the device will take on a shape designed to 
optimize the therapeutic purposes desired for the de- 
vice. 

[0059] Advantageously at least one of the strands 
comprises a therapeutic agent. Preferably said strand 
45 comprising a therapeutic agent is wound into said micro- 
cable so that at least a portion of said strand projects 
beyond the diameter of the other strands in said cable. 
Preferably said therapeutic agent comprises a fiber se- 
lected from the group consisting of Dacron (polyester), 
50 polyglycolic acid, polylactic acid, fluoropolymers, ny- 
lons, polyaramid fiber, kevlar, silk chosen for thrombo- 
genicity, human growth hormone, genetic material, an- 
tigens, hydrogel, collagen, and bio-absorbable poly- 
mers including lactic acids, glycolic acids, caprolactam 
55 and microcellular foams. Alternatively said therapeutic 
agent comprises means to conduct energy. Preferably 
said means to conduct energy comprises an optical fiber 
to conduct light energy. In another arrangement said 
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therapeutic agent is disposed axially in a central core. 
[0060] Advantageously said plurality of strands com- 
prises a plurality of exterior strands surrounding at least 
one interior strand. 

[0061] Advantageously said plurality of strands com- 5 
prises a plurality of exterior strands surrounding a cen- 
tral core. 

[0062] Advantageously said radiopaque strand com- 
prises at least one centrally, axially disposed radio- 
paque wire. 

[0063] Advantageously said radiopaque wire com- 
prises a radiopaque material selected from the group 
consisting of platinum, tungsten, and gold. 

[0064] Advantageously said micro-cable comprises a 
plurality of radiopaque strands. 

[0065] Advantageously said strands of the micro-ca- 
ble are bundled by at least one outer cover to produce 
a composite banded cable. Preferably said outer cover 
comprises a sheath to constrain said strands of said mi- 
cro-cable about a longitudinal axis. Advantageously 
said sheath comprises a containment strand wound 
about said longitudinal strands. Advantageously said 
sheath is made of low friction material. Advantageously 
said sheath is made of a fluoropolymer. Advantageously 
said sheath comprises a heat shrinkable plastic tube. 
Advantageously said sheath comprises a plurality of 
heat shrink plastic covers placed to provide bending 
stiffness in said cable which varies with the position on 
said cable. 

[0066] Advantageously said outer cover comprises 
an outer sheath of material to provide bending stiffness 
and constrain said longitudinal strands about said lon- 
gitudinal axis. 

[0067] Advantageously said strands of the micro-ca- 
ble are bundled by a plurality of bands disposed at in- 
tervals along said micro-cable to produce a composite 
banded cable. Preferably said strands are laid parallel 
within the composite banded cable. Alternatively said 
strands are twisted within the composite banded cable. 
[0068] Advantageously said outer cover is wound at 
varying intervals along the outside to provide variations 
in the torqueability and stiffness of the composite cable. 
[0069] Advantageously the width of the outer cover is 
varied along the composite cable. 

[0070] Advantageously said outer covering varies in 
cross section along its length to provide bending stiff- 
ness of said composite cable which varies along said 
composite cable. 

[0071 ] Advantageously the number of strands and the 
degree to which they extend along said composite cable 
within the outer covering varies along said composite 
cable. 

[0072] Advantageously said outer covering compris- 
es a plurality of layers formed of different materials in 
order to provide a graduated bending and stiffness char- 
acteristic over the length of the cable. 

[0073] Advantageously said composite microcable 
comprises a plurality of micro-cables disposed within 



said outer cover in order to provide desired bending and 
strength characteristics. Preferably said plurality of mi- 
cro-cables are helically wound within said outer cover. 
Alternatively said plurality of micro-cables extend paral- 
lel and longitudinally within said outer cover. 

[0074] Advantageously said composite cable has a 
collapsed primary configuration and an expanded sec- 
ondary configuration with a secondary shape. Prefera- 
bly said secondary shape is three dimensional. 

[0075] Advantageously said secondary shape is se- 
lected from the group consisting of spherical, helical, 
and conical shapes. 

[0076] Advantageously said plurality of micro-cables 
are bundled by at least one outer cover to produce said 
composite banded cable. 

[0077] Advantageously said plurality of micro-cables 
are banded at intervals by a plurality of bands. 

[0078] Advantageously the device for use in interven- 
tional therapy and vascular surgery further comprises at 
least one longitudinal element for sensing a parameter. 
[0079] Advantageously said longitudinal element for 
sensing a parameter is selected from the group consist- 
ing of an optical imaging element, an optical fiber, a ther- 
mal imaging element, and an ultrasound imaging ele- 
ment. 

[0080] According to another aspect of the present in- 
vention there is provided a three dimensional composite 
device having a collapsed coil configuration with a pri- 
mary shape and an expanded coil configuration with a 
secondary three dimensional shape for use in interven- 
tional therapy and vascular surgery, the device adapted 
to be inserted into a portion of a vasculature for occlud- 
ing the portion of the vasculature, comprising: a plurality 
of multi-stranded micro-cables having a collapsed coil 
configuration with a primary shape and an expanded coil 
configuration with a secondary three dimensional 
shape, each said multi-stranded micro-cable having a 
plurality of flexible strands of a resilient material, and at 
least one said strand being a radiopaque strand to pro- 
vide a radiopaque marker of the deployed configuration 
of a device made of the cable during vascular surgery. 
[0081 ] Advantageously said micro-cable further com- 
prises at least one outer cover disposed over at least a 
portion of said plurality of multi-stranded micro-cables 
to produce a composite banded cable. 

[0082] Advantageously said secondary three dimen- 
sional shape is selected from the group consisting of 
generally spherical, generally helical, and generally 
conical shapes. 

[0083] Advantageously said plurality of strands are 
helically wound. Alternatively said plurality of flexible 
strands are parallel longitudinal strands. 

[0084] Advantageously at least one of said plurality of 
strands comprises a super-elastic material. 

[0085] Advantageously a plurality of said flexible 
strands are comprised of a super-elastic material. 
[0086] Advantageously said super-elastic material 
comprises a nickel titanium alloy. 
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[0087] Advantageously at least one of said strands 
comprises a shape memory material. 

[0088] Advantageously a plurality of said flexible 
strands of a resilient material are comprised of a shape 
memory material. Preferably said shape memory mate- 
rial comprises a nickel-titanium alloy. Preferably said 
shape memory nickel-titanium alloy is heat treated such 
that the alloy is highly flexible at a temperature appro- 
priate for introduction into the body via a catheter, and 
after placement, the device will take on a shape de- 
signed to optimize the therapeutic purposes desired for 
the device. 

[0089] Alternatively said shape memory material 
comprises a shape memory polymer. 

[0090] Advantageously at least one of the strands 
comprises a therapeutic agent selected from the group 
consisting of a fiber selected from the group consisting 
of Dacron (polyester), polyglycoltc acid, polylactic acid, 
fluoropolymers, nylons, polyaramid fiber kevlar and silk 
chosemfor thrombogenicity, human growth hormone, 
geneticmaterial, antigens and hydrogels. 

[0091] : Advantageously at least a portion of said 
strand of therapeutic agent projects beyond the diame- 
ter of the remaining strands on said cable. 

[0092] Advantageously said therapeutic agent com- 
prises at least one component selected from the group 
consisting of hydrogel, collagen, and bio-absorbable 
polymers including lactic acids, glycolic acids and 
caprolactam. 

[0093] Advantageously said outer cover comprises a 
sheath to constrain said strands of said micro-cable 
about a longitudinal axis. 

[0094] Advantageously said sheath comprises a con- 
tainment strand wound about said longitudinal strands. 
Alternatively said sheath comprises a plurality of heat 
shrink plastic tubes placed to provide bending stiffness 
in said cable which varies with the position on said cable. 
[0095] Advantageously said outer cover comprises 
an outer sheath of material to provide bending stiffness 
and constrain said longitudinal strands about said lon- 
gitudinal axis, said sheath being formed of a low friction 
material selected from the group consisting of a fluor- 
opolymer and a heat shrinkable plastic tube. 

[0096] Advantageously said strands of the micro-ca- 
ble are bundled by a plurality of bands disposed at in- 
tervals along said micro-cable to produce a composite 
banded cable. 

[0097] Advantageously said strands are laid parallel 
within the composite banded cable. 

[0098] Advantageously said exterior wrapped cover is 
wound at varying intervals along the outside to provide 
variations in the torqueability and stiffness of the com- 
posite cable. 

[0099] Advantageously the width of the outer cover is 
varied along the composite cable. 

[0100] Advantageously said outer covering varies in 
cross section along its length to provide bending stiff- 
ness of said composite cable which varies along said 



composite cable. 

[01 01 ] Advantageously the number of strands and the 
degree to which they extend along said composite cable 
within the outer covering varies along said composite 
5 cable. 

[01 02] Advantageously the outer covering comprises 
a plurality of layers formed of different materials in order 
to provide a graduated bending and stiffness character- 
istic over the length of the cable. 
io [0103] These and other aspects and advantages of 
the invention will become apparent from the following 
detailed description and the accompanying drawings, 
which illustrate by way of example the features of the 
invention. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0104] 



20 Figure 1 is a perspective of a radiopaque micros- 
trand cable constructed according to the invention. 
Figure 2 is a cross-section at 2-2 of Figure 1 . 
Figure 3 is a helical vasoocclusive coil formed of the 
cable of the invention. 

25 Figure 4 is a spherical vasoocclusive structure 
formed using the cable of the invention. 

Figure 5 is a stacked coil vasoocclusive device 
formed using the cable of the invention. 

Figure 6 is a cross section of a vascular member 
30 with an aneurysm illustrating the approach of a va- 
soocclusive coil towards the aneurysm. 

Figure 7 is an illustration of a vasoocclusive coil 
which has been introduced into an aneurysm pre- 
paratory to being deployed within the aneurysm. 

35 Figure 8 is an illustration of a spherical vasoocclu- 
sive coil formed with cable of the invention deployed 
within an aneurysm. 

Figure 9 is an alternate in a preferred embodiment 
of the invention including a plurality of radiopaque 
40 strands within the cable. 

Figure 1 0 is an alternate preferred embodiment in- 
corporating a therapeutic member within the radio- 
paque cable of the invention. 

Figure 11 is an alternate preferred embodiment of 
45 the present invention wherein strands of the cable 
are arranged within an exterior binding consisting 
of multiple straps about the cable. 

Figure 12 is a perspective view of the embodiment 
of Figure 11 . 

so Figure 13 is an alternative embodiment to the em- 

bodiment of Figure 12 wherein the external binding 
of the cable represents a sheath wound about the 
cable. 

Figures 14a and 1 4b are perspectives of alternative 
55 embodiments of the embodiment of Figure 1 3. 

Figure 15 is a cross-section of an alternative em- 
bodiment in which a plurality of multi-strand cables 
are included within an external sheath surrounding 
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the cable. 

Figure 16 is a perspective view of the embodiment 
of Figure 14. 

Figure 17 is a plan view of a beaded radiopaque 
strand according to another preferred embodiment 
of the invention. 

Figure 18 is a sectional view of the beaded radio- 
paque strand of Figure 1 7 inserted in a shape mem- 
ory coil. 

Figure 19 is a plan view of an alternate preferred 
embodiment of a radiopaque strand with intermit- 
tent spaced apart coils. 

Figure 20 is a plan view of an alternate preferred 
embodiment of the radiopaque strand having 
spaced apart enlarged radiopaque portions. 

Figure 21 is a schematic diagram of a preferred 
three dimensional radiating coil configuration of a 
primary wind polyhedral occlusion device according 
to the principles of the invention. 

Figure 22 is a schematic diagram of an alternate 
preferred embodiment of a primary wind polyhedral 
occlusive device according to the principles of the 
invention. 

Figure 23 is a perspective view of a mandrel for 
forming the polyhedral occlusive device of Figure 
22 . 

Figure 24 is a schematic diagram of an alternate 
preferred embodiment of a secondary wind polyhe- 
dral occlusive device according to the principles of 
the invention. 

Figure 25 is a perspective view of another preferred 
alternate embodiment of a helical vasoocclusive 
coil according to the principles of the invention, with 
a therapeutic fiber woven around adjacent loops of 
the coil. 

Figure 26 is a perspective view of another preferred 
alternate embodiment of a helical vasoocclusive 
coil according to the principles of the invention, with 
a plurality of therapeutic fibers woven around adja- 
cent loops of the coil. 

Figure 27 is a perspective view of another preferred 
alternate embodiment of a helical multi-stranded 
vasoocclusive coil according to the principles of the 
invention, with a therapeutic fiber woven through 
strands of adjacent loops of a multi-stranded coil. 
Figure 28 is a perspective view of another preferred 
alternate embodiment of a helical multi-stranded 
vasoocclusive coil according to the principles of the 
invention, with a plurality of therapeutic fibers wo- 
ven through strands of adjacent loops of a multi- 
stranded coil. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0105] While nickel-titanium alloys are useful in form- 
ing super-elastic or shape memory interventional devic- 
es, micro-coils formed of very small diameter wires of 



nickel-titanium alloy material for treatment of areas of 
the small diameter vasculature such as an artery or vein 
in the brain, for.treatment of aneurysms and the like, for 
example, can have relatively low yield strengths and are 
5 somewhat subject to kinking, even if made of super- 
elastic alloy. This can create problems if the coil is to be 
withdrawn after being emplaced by the doctor, as for in- 
stance, if the device is too small to effectively fill the cav- 
ity to be treated. Furthermore, even solid wires of a size 
io suitable for use in interventional devices are not very 
radiopaque. 

[01 06] As is illustrated in the drawings, which are pro- 
vided for the purposes of illustration and not by way of 
limitation, the invention is embodied in a multi-stranded 
15 micro-cable formed of a plurality of flexible strands of a 
resilient material with the cable including at least one 
radiopaque strand. In a presently preferred embodiment 
of the invention illustrated in Fig. 1, the multi-stranded 
micro-cable 10 is approximately from .0015 to .009 
20 inches in diameter, and comprises a plurality of flexible 
strands 1 2 of nickel-titanium alloy, with at least one cen- 
trally, axially disposed radiopaque wire 14 which is ap- 
proximately from .0005 to .003 inches in diameter. 
While the above stated diameters represent those pres- 
25 ently known to be compatible with the invention, larger 
or smaller diameters may be useful for particular appli- 
cations. The central radiopaque wire 14 can be formed 
of platinum or gold, for example, or other similar suitable 
radiopaque metals, in order to provide a radiopaque 
30 marker of the deployed configuration of a device made 
of the cable during vascular surgery. 

[0107] There are numerous benefits to the novel con- 
struction of the invention for use in interventional devic- 
es and the like. By using the stranded or micro-cable 
35 construction of the invention, a device made from the 
micro-cable becomes virtually kink resistant compared 
to the single strand wires now commonly used in micro- 
coils. The multi-strand cable construction of the inven- 
tion allows the micro-wires of the cable to slip across 
40 each other and reinforce each other rather than break 
or take a set. Also, by incorporating a stranded radio- 
paque material such as platinum, tungsten or gold into 
the cable construction, the device is radiopaque in sizes 
much smaller than with other constructions. The micro- 
45 cable construction of the invention can be used to pro- 
duce soft, kink resistant, radiopaque stents, guidewires, 
guidewire distal tips, and micro-coils. 

[0108] Figure 2 is a cross-section of the micro-cable 
of Fig. 1 at 2-2 illustrating one presently preferred ar- 
50 rangement of the strands within the cable. In this em- 
bodiment, the exterior strands 12 are formed of a resil- 
ient material chosen to provide the characteristics de- 
sired for a specific application in interventional thera- 
pies. In a presently preferred embodiment, this material 
55 is a nickel titanium super-elastic alloy which is heat 
treated such that the alloy is highly flexible at a temper- 
ature appropriate for introduction into the body via a 
catheter. By choosing such a material for micro-coils 
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and the like, the devices formed from the micro-cable 
can be relatively easily placed into the appropriate body 
cavity and after placement, the device will take on a 
shape designed to optimize the therapeutic purposes 
desired for the device. As illustrated in Fig. 2, such a 5 
cable can have a central core 14 of a radiopaque mate- 
rial such as gold or platinum, thus dramatically enhanc- 
ing the radiopacity of the cable. Even a solid super-elas- 
tic wire of the same diameter as the cable would have 
substantially less radiopacity than the cable of the in- 
vention with the central gold or platinum wire and the 
construction of the invention provides numerous other 
highly desirable characteristics. Among these charac- 
teristics is the relative flexibility and resistance to kinking 
of the cable compared to an equivalent single wire and 
substantially greater accommodation of the cable to 
bending, etc., with resultant lessening of trauma to the 
surrounding tissue and ease of placement in a small 
body cavity. 

[0109] * One advantageous application of the invention 
is to vasoocclusive devices formed of the micro-cable 
for insertion into aneurysms and other vascular defects 
for the purpose of occluding flow to the aneurysm. Fig. 

3 illustrates a helically wound coil 16 of micro-cable 10 
which is formed to fit within a micro-catheter for insertion 
into an area upon which a therapeutic procedure is to 
be performed. While a helical coil is illustrated, it will be 
appreciated that n umerous other secondary shapes can 
be formed from the cable of the invention, as will be de- 
scribed further below. More specifically, as illustrated in 
Fig. 4, a three dimensional, essentially spherical, device 
18 can be formed of the cable 10, (or even of a coil of 
the cable, if appropriate) at a temperature sufficient to 
heat treat the material and thereby create a memory of 
the desired shape. The device is then inserted into a 
catheter from which it may be deployed into an aneu- 
rysm or the like. The teachings of U.S. Patent Number 
5,645,558 describe the construction of such a device out 
of flexible wire and are incorporated by referenced here- 
in. Fig. 5 illustrates a collapsed coil configuration 20 for 
a vasoocclusive device which also can be formed from 
the cable of the invention and is used for the purposes 
of insertion into aneurysms and other defects that have 
relatively large entry necks compared to their internal 
volume. 

[01 1 0] Fig. 6 is an illustration of a catheter 22 using a 
coil 16 as a vasoocclusive device made of the present 
invention and used for insertion into an aneurysm 24 
projecting laterally from a blood vessel 26. The coil 16 
is contained within the outer housing 28 of a micro-cath- 
eter that is used to house the coil prior to deployment. 
The end of the catheter housing 28 is introduced into 
the opening 30 of the aneurism 24 by use of a guide wire 
(note shown). Thereafter, the vasoocclusive coil 1 6, and 
a pusher 32 are introduced into the catheter to provide 
for insertion of the vasoocclusive device into the aneu- 
rysm. In a presently preferred embodiment, the coil 16 
formed of the cable of the invention is retained to an 



optical fiber pusher 32 which is attached to the coil by a 
collar of shape memory plastic material 34 as described 
in co-pending application Serial No. 08/986,004 the dis- 
closure of which are incorporated herein by reference. 
As shown in Fig. 7, the coil is introduced into the aneu- 
rysm and is then pushed from the micro-catheter until it 
fills the cavity. 

[ 0111 ] Those skilled in the art will recognize that it is 
sometimes the case that the vasoocclusive device must 
be withdrawn after it is fully or partly inserted into the 
aneurysm. In such a case, there is a danger that the coil 
will be stretched beyond its elastic range or kink, or oth- 
erwise deform and make withdrawal difficult. Those 
skilled in the art will also recognize that it is sometimes 
advantageous to form vasoocclusive devices of second- 
ary shapes which are based upon a basic configuration 
of a coil or the like. The present invention includes such 
applications within the scope of the invention. However, 
when vasoocclusive devices made of even super-elas- 
tic material are used, it is sometimes the case that the 
devices will be stretched or kinked when withdrawal is 
attempted. The cable of the present invention substan- 
tially reduces the probability that kinking or stretching 
beyond yield will occur in a given instance, while at the 
same time providing radiopacity not available with other 
constructions. Thus, the present invention represents 
an important forward step in the technology of interven- 
tional therapy. 

[0112] In one presently preferred embodiment, the 
shape memory collar 34 is heated to a temperature 
which allows it to be shrunk onto coil 16. The collar is 
attached to optical fiber pusher 32 by an adhesive 36 
which retains high strength at temperatures beyond the 
shape memory material transition point. After insertion, 
and when the operator is satisfied that the device is 
properly deployed, light energy from a source of coher- 
ent light is introduced into the proximal end of the optical 
fiber (not shown) and propagated in the distal end 38 of 
the fiber to cause the shape memory material collar 34 
to return to its previous shape and release coil 1 6. Those 
skilled in the art will recognize that the invention can also 
be used with a variety of other placement catheter sys- 
tems, and it is not intended that the invention be limited 
to the placement concepts illustrated by way of exam- 
ple. 

[0113] Those skilled in the art will recognize that a 
number of shaped devices may be introduced into an 
area to be treated depending upon its geometry and the 
number of devices to be inserted. Fig. 8 illustrates an 
essentially spherical device 18 which has been de- 
ployed into such an aneurysm but it will commonly be 
found that a device such as that shown would then be 
supplemented by a further coiled device inserted within 
the space inside the spherical device to completely oc- 
clude flow from the artery to the aneurysm. 

[0114] While one presently preferred implementation 
of the micro-cable of the invention has been illustrated, 
those skilled in the art will appreciate that .other varia- 
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tions of the invention may have advantages for certain 
purposes. Fig. 9 is an example of one such construction 
40 in which radiopacity is more desirable than in other 
forms and for that reason a number of radiopaque 
strands 42, in this illustration four in number, are formed 
into the cable along with three resilient material strands 
44. It will also be appreciated that a larger or smaller 
number of strands may be incorporated into a given ca- 
ble and the cables may be formed of multiple cables in 
order to provide desired bending and strength charac- 
teristics. It will also be appreciated by those skilled in 
the art that the invention is adaptable to the use of a 
variety of materials which by themselves would not have 
been easily adaptable to micro devices for interventional 
therapies. For instance, materials such as copper are 
useful for intrauterine devices and the like, but copper 
wire, even when heavily alloyed, has certain limitations 
for use in such devices. By use of the present invention, 
composite cables incorporating one or more strands of 
a desired material can be configured with other strands 
providing strength, flexibility, shape memory, super- 
elasticity, radiopacity or the like for previously unavaila- 
ble characteristics in micro devices. 

[0115] The invention is also adaptable to numerous 
other purposes. Fig. 10 illustrates a cross-section of a 
further preferred embodiment in which radiopaque 
strands 42 and resilient strands 44 form a portion of the 
cable and a therapeutic agent 48 is contained in one of 
the strands. Such a therapeutic agent can include hu- 
man growth hormone, hydrogels, or a variety of other 
agents which will serve to provide desired therapeutic 
capabilities when placed within a specific area of the 
body being treated by use of the micro-catheter. De- 
pending upon the application of the therapeutic agent, 
its method of action and the delay, if any, in the time after 
placement in which the therapeutic action is desired, the 
agent strand may be placed in any of a variety of posi- 
tions with the cable, from core wire outward. Also, it may 
be desirable to coat one or more strands with a thera- 
peutic material for certain purposes. Such constructions 
are contemplated within the scope of the invention. 

[01 1 6] It is also contemplated within the scope of the 
invention that one or more of the strands of the micro- 
cable is longer than the others, and perhaps intermit- 
tently terminated, to thereby produce a micro-cable In 
which the therapeutic strands extend to a greater diam- 
eter than the other strands to thus increase the thera- 
peutic effect of the therapeutic stand, Such a construc- 
tion is particularly advantageous if increased thrombo- 
genicity is desired, while maintaining structural continu- 
ity and radiopacity for the micro-cable. 

[0117] Fig. 11 illustrates a cross-section of an addi- 
tional presently preferred embodiment of the invention 
in which the strands 12, 14 of the micro-cable 10 are 
bundled and banded at intervals by bands 50 to produce 
a composite banded cable 52 in order to provide in- 
creased flexibility without unraveling or dislocation of the 
strands in the cable. Fig. 12 is a perspective view of the 



banded cable 50 of this embodiment. While the illustrat- 
ed configuration shows the strands being laid parallel 
within the cable, it is also possible in this construction 
to include both twisted cables as the primary cables 10 
5 within the outer bands 50 to form the composite cable 
52. This configuration can use one or more longitudinal 
strands 1 4 which are radiopaque, thus providing a con- 
tinuous indication of radiopacity within the cable. As a 
further alternative embodiment, it is possible for the lon- 
io gitudinal cable 52 to be formed of a single inner cable 
10 with bands 50. 

[0118] Fig. 13 illustrates a further embodiment of the 
invention in which longitudinal strands of cables arecon- 
tained within a wound cover 56 for the purposes of pro- 
15 viding a composite guide wire or the like 58 having im- 
proved torqueability. Such a construction has particular 
advantages for guidewire designs having improved ra- 
diopacity in very small diameters. It will be appreciated 
that in this configuration, as well as the other longitudi- 
nally arranged multi-stranded cables, the number of 
strands and the degree to which they extend along the 
cable within the sheath is a variable which can be used 
to provide increased stiffness, pushability and torquea- 
bility in some sections with greater flexibility in others. 
Additionally, composite cables according to the inven- 
tion can incorporate additional elements normally not 
available in solid guide wires, such as optical, thermal 
or ultrasound imaging elements, therapeutic agent de- 
livery catheters, and can take advantage of materials 
which are not readily adaptable to prior art catheter or 
guide wire designs incorporating a primary wire struc- 
tured element. Figures 14a and 14b illustrate a further 
variable available because of the invention; the exterior 
wrapped cover 56 can be wound at greater or lesser in- 
tervals 60 along the outside to provide variations in the 
torqueability and stiffness of the composite cable. Also, 
the thickness and width of the wrapping cover 56, as 
well as its material composition along the composite 
guide wire 58, can offer further capabilities for custom- 
izing the design for various applications. These advan- 
tages can be combined with the benefits of shape mem- 
ory or super-elastic alloys to create guidewires and oth- 
er devices with heretofore unavailable capabilities. 
[0119] Fig. 15 illustrates a cross-section of a micro- 
cable according to the invention which has at least one 
overall exterior sheath to contain the micro-cable. The 
micro-cable may be made of one or more multiple strand 
elements which may further include twisted or longitu- 
dinal strands within their construction. The sheath may 
also be used to control the torqueability characteristics 
of the cable and as discussed in co-pending application , 
Serial No. 08/986,004, the sheath may be multi-layered 
with different materials in order to provide a graduated 
bending and stiffness characteristic over the length of 
55 the cable. 

[0120] Referring to Figs. 1 7 to 20, in another presently 
preferred embodiment, a nickel titanium alloy coil, such 
as the multi-stranded micro-cable described above, can 
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be made radiopaque by the insertion of a radiopaque 
strand having spaced apart enlarged radiopaque por- 
tions into the core of a primary and/or secondary wind. 

The radiopaque material preferably has a desired de- 
gree of stiffness so as not to compromise the desired 5 
degree of softness of the coil. The material may com- 
prise a beaded core of platinum, gold, shape memory 
polymer having a glass transition temperature (T g ) be- 
low 25° C, polymer, hydrogel, and the like, or a flexible 
strand, rod. amorphous gel, fiber, and the like. The ra- 
diopaque strand can be used to enhance the radiopacity 
of the multi-stranded coil, as indicated above, as well as 
a pure nickel titanium alloy coil, which will advanta- 
geously notfray upon stretching, and is stretch resistant. 
With such an inner radiopaque strand, the coil can also 
be made of other materials, such as a polyurethane 
shape memory polymer, for example. 

[01 21 ] In a presently preferred embodiment illustrated 

in Figs. 17 and 18, the radiopaque strand 70 may com- 
prise a plurality of beads 72 of radiopaque material, such 
as platinum, gold or tungsten, spaced apart and mount- 
ed, such as by soldering, welding, or adhesive bonding 
such as by cyanoacrylate adhesive, on a core strand 74 
of material that can be platinum, gold or tungsten, or a 
shape memory polymer having a glass transition tem- 
perature (T g ) below 25° C. The beaded radiopaque 
strand can form the central core of a multi-stranded mi- 
cro-cable, and as is shown in Fig. 18, the beaded radi- 
opaque strand 70 may form a core of a pure nickel tita- 
nium alloy coil 76 wound around the beaded radiopaque 
strand, and having a proximal stem 77 bonded to the 
coil by soldering, welding, adhesive or the like, that can 
also be formed as a radiopaque marker, of such mate- 
rials as platinum, gold or tungsten, for example. In a pre- 
ferred aspect, one or more beads, such as an end bead 
78, may optionally be bonded to a segment 80 of the 
coil, such as by cyanoacrylate adhesive 81 , for example. 
[0122] In another presently preferred embodiment il- 
lustrated in Fig. 1 9, the radiopaque strand can comprise 
a radiopaque wire 82, such as platinum or gold, for ex- 
ample, intermittently wound with a plurality of spaced 
apart coils 84 of radiopaque material, such as platinum 
or gold, for example, to form an inner radiopaque core 
for a multi-stranded micro-cable, or in an alternate pre- 
ferred embodiment, the intermittently wound radio- 
paque strand may form a core of a pure nickel titanium 
alloy coil wound around the intermittently wound radio- 
paque strand. 

[0123] Referring to Fig. 20, in another presently pre- 
ferred embodiment, the radiopaque strand can com- 
prise a radiopaque wire 86, such as platinum or gold, 
for example, with intermittently spaced apart enlarged 
radiopaque portions 88, to form an inner radiopaque 
core for a multi-stranded micro-cable, orfor a pure nickel 
titanium alloy coil wound around the radiopaque strand. 
[0124] It will be appreciated that a three dimensional 
occlusive device adapted to be inserted into a portion of 
a vasculature for occluding the portion of the vascula- 



ture for use in interventional therapy and vascular sur- 
gery, can be formed as described above, from at least 
one multi-stranded micro-cable having a plurality of flex- 
ible strands of a resilient material, with at least one ra- 
diopaque strand to provide a radiopaque marker for the 
device during vascular surgery. The occlusive device is 
configured to have a primary coil shape, as illustrated 
in Fig. 5, and an expanded secondary three dimensional 
coil configuration orshape, that can be generally helical, 
conical, or spherical shapes, such as the spherical 
shapes illustrated in Figs. 4 and 8. A mandrel suitable 
for making such three dimensionally shaped occlusive 
devices can be formed of a refractory material, such as 
alumina or zirconia, for example. The mandrel typically 
has the general three dimensional shape that the occlu- 
sive device will be given, and can have a generally hel- 
ical, conical, or spherical shape, or can have a unique 
shape designed to provide such a form to the occlusive 
device to fit a particular vascular structure to be treated. 
The mandrel forms a support for the winding and heat 
treatment of the micro-cable, plurality of microcables, or 
composite micro-cable occlusive device as described 
above, and ideally will not contaminate the occlusive de- 
vice during heat treatment of the device. The surface of 
the mandrel preferably has a plurality of circumferential 
grooves for aligning the occlusive device as it is wound 
on the mandrel. The surface of the mandrel may also 
have one or more apertures for receiving one or more 
ends of the micro-cable, plurality of microcables, or 
composite micro-cable, to assist winding into the de- 
sired form. 

[0125] The wound occlusive device is then heat treat- 
ed at a suitable temperature and a sufficient period of 
time to impart the form to the shape memory material 
included in the device. While heat treatment at a tem- 
perature of about 1100° F for approximately 4 hours or 
more is typically sufficient to impart the form to the oc- 
clusive device when the shape memory material is a 
nickel titanium super-elastic alloy, but when the occlu- 
sive device includes fibers or a therapeutic agent that 
can be affected by heat, the temperature utilized can be 
substantially lowered, andthe duration of heattreatment 
adjusted accordingly, as will be appreciated by those 
skilled in the art. Alternatively, if the therapeutic agent is 
not amenable to elevated temperatures, it may be add- 
ed after formation of the three dimensional shape. After 
the heat treatment, the occlusive device is removed 
from the mandrel, and cold worked into the desired col- 
lapsed primary configuration for placement into a cath- 
eter or cannula for use. It will be appreciated that those 
techniques can also be used for a variety of cables pro- 
duced according to the invention, including those which 
use shape memory materials otherthan nickel-titanium 
alloys. When the occlusive device reaches its destina- 
tion in the vasculature during vascular therapy, it as- 
sumes the secondary relaxed and expanded three di- 
mensional shape imparted from the heat treatment on 
the mandrel. 
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[0126] In another presently preferred embodiment, a 
three dimensional, polyhedral occlusive device is pro- 
vided, adapted to be inserted into a portion of a vascu- 
lature for occluding aportion of the vasculature, for use 
in interventional therapy and vascular surgery. The oc- 5 
elusive device can be formed as described above, from 
at least one multi-stranded micro-cable having a plural- 
ity of flexible strands of a resilient material, with at least 
one radiopaque strand to provide a radiopaque marker 
for the device during vascular surgery, with multiple to 
coils, preferably four or more coils, centrally connected 
together at their inner ends, and in a presently preferred 
aspect, connected at their inner ends to a central coil 
body and radiating outward from the central coil body. 
When inserted with a vessel at a treatment site, such as *5 
within an aneurysm, the radiating coil arms of the occlu- 
sive device extend to fill the vessel in three dimensions, 
allowing the occlusive device to accommodate the 
shape of the vessel. In a preferred aspect, the radiating 
coils of the occlusive device can thus form a tetrahedral, 
pentahedral, hexahedral, or other polyhedral shape, 
symmetrical or unsymmetrical, and are preferably 
formed from conically shaped coil arms that have an ex- 
panding diameter as they radiate outward from the cen- 
tral coil body, with the radiating coil arms having soft 
larger diameter outer ends. The central coil body may 
be spherical or rounded, or may be correspondingly cu- 
bical, tetrahedral, pentahedral, or otherwise appropri- 
ately polyhedral. A typical aneurysm may have a diam- 
eter of approximately 1 0 mm., and the coil arms will also 
typically have an outer diameter of approximately 10 
mm. 

[0127] As is illustrated in Figure 21, one presently pre- 
ferred three dimensional radiating coil configuration 90 
is a primary wind coil having a hexahedral configuration 
with six conically shaped coil arms 92 radiating from a 
central coil junction 94 in the three x, y and z axes of a 
three dimensional pattern of coordinates. Such a three 
dimensional radiating coil configuration can be formed 
by individually winding the radiating arms of the hexa- 
hedral configuration on conically shaped mandrel, and 
bonding the inner apical ends 96 of the coils together by 
welding, solder, adhesive such as cyanoacrylate, or the 
like. A central coil body 98 such as the spherical coil 
described above is also preferably similarly bonded to 
the inner ends of the coil arms. 

[0128] Referring to Figure 22, in another presently 
preferred embodiment, a three dimensional radiating 
hexahedral coil configuration 100 for the occlusive de- 
vice is also a primary wind coil with six conically shaped 
coils or coil arms 1 02 radiating from a central coil ball or 
sphere 1 04 in the three x, y and z axes forming a three 
dimensional pattern of coordinates. The central ball may 
also alternatively have the shape of a cube, for example. 

The outer diameter of the coil arms typically can be ap- 
proximately 1 0 mm. , and the diameter of the central coil 
ball or sphere typically can be 3 mm. in diameter. The 
hexahedral coil can be formed by winding the central 



spherical coil about a mandrel as described above and 
then joining the six radiating conical coil arms at their 
inner apical ends 106 to the central spherical coil 108, 
as described above, such as by welding, solder, adhe- 
sive such as cyanoacrylate, or the like. Alternatively, the 
hexahedral coil configuration can be formed as a con- 
tinuous primary wind of the coil by winding the central 
spherical coil, and forming the radiating arms by a dou- 
ble winding of the radiating conical coil arms, first up 
from the center and then back down, with each of the 
radiating conical coil arms being wound in turn about the 
central spherical at the appropriate location. 

[01 29] Referring to Figure 23, such a hexahedral con- 
figuration with six conically shaped coils radiating from 
a common central coil ball or sphere can be formed by 
winding the coils about a mandrel 110 formed of a re- 
fractory material, such as alumina or zirconia, for exam- 
ple, and having inverted conical coil arms 112 radiating 
from a central body 114, such as a spherical, rounded, 
cubical, tetrahedral, pentahedral, or otherwise polyhe- 
dral central body, for example. The mandrel forms a sup- 
port for the winding and heat treatment of the three di- 
mensional radiating hexahedral coil occlusive device as 
described above, and ideally will not contaminate the 
occlusive device during heat treatment of the device. 
The surface of the central body of the mandrel prefera- 
bly has a plurality of circumferential grooves 116 for 
aligning the occlusive device as it is wound on the man- 
drel. The surface of the mandrel may also have one or 
more apertures 118 for receiving one or more ends of 
the micro-cable, plurality of microcables, or composite 
micro-cable forming the hexahedral occlusive device, to 
assist winding into the desired form. 

[0130] In another configuration illustrated in Figure 
24, a another presently preferred alternate three dimen- 
sional radiating coil configuration 120 is a secondary 
wind coil of a primary wind coil, such as a helical wind, 
for example, the secondary wind coil having a hexahe- 
dral configuration with six conically shaped coil arms 
122 radiating from the common central coil 124, which 
is illustrated as having a cubical shape, in the three x, y 
and z axes of a three dimensional pattern of coordi- 
nates. The outer diameter of the coil arms typically can 
be approximately 1 0 mm., and the diameter of the cen- 
tral coil ball or sphere typically can be 3 mm. in diameter. 
The hexahedral secondary wind configuration can be 
formed by winding the primary helical wind coil about an 
appropriate mandrel, and then joining the six radiating 
conical coil arms at their inner apical ends 126 to the 
common central coil 128, as described above, such as 
by welding, solder, adhesive such as cyanoacrylate, or 
the like. Alternatively, the hexahedral coil configuration 
can be formed as a continuous primary wind of the coil 
by winding the central coil body, and forming the radiat- 
ing arms by a double winding of the radiating conical coil 
arms, first up from the center and then back down, with 
each of the radiating conical coil arms being wound in 
turn about the central spherical at the appropriate IOCa- 
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tjon. ited, except as by the appended claims. 

[0131] As is described above, the tetrahedral, penta- 
hedral, hexahedral or other polyhedral wound occlusive 
device radiating from the common central coil is then Claims 



preferably heat treated upon the mandrel at a suitable 5 
temperature and for a sufficient period of time to impart 
the relaxed form to the shape memory material forming 
the device. The occlusive device can then be cold 
worked into a shape suitable for delivery through a cath- 
eter to a desired treatment site, and when the occlusive io 
device reaches its destination in the vasculature during 
vascular therapy, it assumes the relaxed and expanded 
three dimensional shape imparted from the heat treat- 
ment on the mandrel. 

[0132] In another presently preferred embodiment il- 15 
lustrated in Figures 25 and 26, a helical microcoil 130 
that can be formed of one or more flexible strands of 
nickel-titanium alloy, has one or more therapeutic fibers 
1 36 advantageously woven about adjacent loops of the 
coil, used to enhance treatment of the site after place- 20 
ment of the device. The helical microcoil can also be 
formed to include one or more axially disposed radio- 
paque wires, as described above. Alternatively, the one 
or more therapeutic fibers can be woven about non-ad- 
jacent loops of the coil as well. The therapeutic fibers 25 
are preferably made of a material that will provide a 
timed release of a therapeutic agent, such as human 
growth hormone, collagen, a modified polymer with 
growth factor, genetic material for gene therapy, anti- 
gens or the like, that are intended to become active after 20 
placement. When multiple fibers are provided, as is 
shown in Figure 26, different fibers can be provided in 
the same coil with different therapeutic agents to provide 
different therapies. The fibers are preferably woven into 
the coil by hand after the heat setting of the coil shape. 35 
[0133] In another presently preferred embodiment il- 
lustrated in Figures 27 and 28, a helical microcoil 140 
formed of a plurality of flexible strands 142 of nickel-ti- 
tanium alloy, with at least one centrally, axially disposed 
radiopaque wire 144 as described above, has one or 40 
more therapeutic fibers 136 as described above, advan- 
tageously woven through the multiple strands of adja- 
cent loops of the coil, to enhance treatment of the site 
after placement of the device. Alternatively, the one or 
more therapeutic fibers can be woven through the *5 
strands of non-adjacent loops of the coil as well. When 
multiple fibers are provided, as is shown in Figure 28, 
the different fibers can be provided in the same coil with 
different therapeutic agents to provide different thera- 
pies. The one or more fibers are preferably woven 50 
through the strands of the multiply-stranded microcoil 
by hand during winding of the multiply-stranded micro- 
coil. 

[0134] It will be apparent from the foregoing that while 
particular forms of the invention have been illustrated 55 
and described, various modifications can be made with- 
out departing from the spirit and scope of the invention. 
Accordingly, it is not intended that the invention be lim- 



1. A device for use in interventional therapy and vas- 
cular surgery, adapted to be inserted into a portion 
of a vasculature, comprising: 

a shape memory coil having an outer coil por- 
tion and an innercore portion, said shape mem- 
ory coil having a collapsed primary coil config- 
uration and an expanded secondary configura- 
tion with a three dimensional shape; and 
a radiopaque strand extending through the core 
of the shape memory coil to provide a radio- 
paque marker of the deployed configuration of 
the device. 

2. The device of Claim 1 , wherein said shape memory 
coil comprises a multi-stranded coil having a plural- 
ity of flexible strands of a resilient material. 

3. The device of Claim 1 , wherein said shape memory 
coil comprises a single stranded coil. 

4. The device of Claim 3, wherein said single stranded 
coil comprises a nickel titanium alloy. 

5. The device of Claim 3, wherein said single stranded 
coil comprises a shape memory polymer. 

6. The device of Claim 1 , wherein said radiopaque 
strand comprises a core strand having a plurality of 
intermittently spaced apart enlarged portions. 

7. The device of Claim 6, wherein said enlarged por- 
tions comprise a radiopaque material selected from 
the group consisting of platinum and gold. 

8. The device of Claim 6, wherein said enlarged por- 
tions comprise a plurality of beads of radiopaque 
material spaced apart and mounted on a core 
strand of material. 

9. The device of Claim 8, wherein said beads comprise 
a radiopaque material selected from the group con- 
sisting of platinum, gold and tungsten. 

10. The device of Claim 8, wherein at least one of said 
plurality of beads is bonded to a segment of the 
shape memory coil. 

11. The device of Claim 8, wherein an end bead is 
bonded to a segment of the shape memory coil. 

12. The device of Claim 6, wherein said enlarged por- 
tions comprise a plurality of coils intermittently 
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wound about and spaced apart on said core strand. 

13. The device of Claim 12, wherein said core strand 
comprises a radiopaque material selected from the 
group consisting of platinum and gold. 

14. The device of Claim 12, wherein said spaced apart 
coils comprise a radiopaque material selected from 
the group consisting of platinum and gold. 

15. The device of Claim 6, wherein said core strand 
comprises a material selected from the group con- 
sisting of platinum, gold, a shape memory polymer 
having a glass transition temperature (T g ) below 
25° C, a hydrogel, an amorphous gel, and a fiber. 

1 6. An occlusive device for use in interventional therapy 
and vascular surgery, adapted to be inserted into a 
portion of a vasculature, said occlusive device com- 
prising: 

a plurality of coil arms formed of shape memory 
material having a collapsed primary coil config- 
uration and a three dimensional, polyhedral ex- 
panded secondary configuration, said coil arms 
having inner and outer ends, said inner ends of 
said coil arms being connected together; and 
a central coil body connected to said inner ends 
of said coil arms. 

17. The occlusive device of Claim 1 6, wherein said plu- 
rality of coil arms further comprises at least four coil 
arms. 

1 8. The occlusive device of Claim 1 6, wherein said plu- 
rality of coil arms comprise six radiating coil arms 
forming a hexahedral configuration. 

19. The occlusive device of Claim 1 6, wherein said plu- 
rality of coil arms are formed from conically shaped 
coils each having an innerapical end, andsaid inner 
apical ends being connected to said central body, 
said conically shaped coils having an expanding di- 
ameter as they radiate outward. 

20. The occlusive device of Claim 1 7, wherein said cen- 
tral body comprises a central three dimensional coil 
connecting said inner ends of said at least four coil 
arms together. 

21. The occlusive device of Claim 20, wherein said at 
least four coil arms comprise six radiating coil arms 
forming a hexahedral configuration. 

22. The occlusive device of Claim 20, wherein said plu- 
rality of coil arms are formed from conically shaped 
coils each having an innerapical end, andsaid inner 
apical ends being connected to said central body, 



said conically shaped coils having an expanding di- 
ameter as they radiate outward. 

23. The occlusive device of Claim 20, wherein said cen- 
5 tral three dimensional coil has a shape selected 

from the group consisting of spherical, rounded, 
and cubical shapes. 

24. The occlusive device of Claim 20, wherein said cen- 
to tral three dimensional coil is tetrahedral. 

25. The occlusive device of Claim 24, wherein said at 
least four coil arms comprise four radiating coil arms 
forming a tetrahedral configuration. 

15 

26. The occlusive device of Claim 21 , wherein said cen- 
tral three dimensional coil is pentahedral. 

27. The occlusive device of Claim 26, wherein said at 
20 least four coil arms comprise five radiating coil arms 

forming a pentahedral configuration. 

28. The occlusive device of Claim 17, wherein said at 
least four coil arms comprise at least one multi- 

25 stranded micro-cable having a plurality of flexible 
strands of a resilient material, with at least one ra- 
diopaque strand to provide a radiopaque marker. 

29. The occlusive device of Claim 17, wherein said at 

30 least four coil arms comprise at least one secondary 

wind coil of a primary helical wind coil. 

30. The occlusive device of Claim 20, wherein said cen- 
tral three dimensional coil comprises a secondary 

35 wind coil of a primary helical wind coil. 

31 . A device for use in interventional therapy and vas- 
cular surgery, adapted to be inserted into a portion 
of a vasculature, comprising: 

40 

a coil having a collapsed primary coil configu- 
ration and an expanded secondary configura- 
tion with a three dimensional shape, said coil 
being formed from at least one flexible strand 
45 of a resilient material; and 

at least one therapeutic fiber woven into the coil 
to enhance treatment of the site after place- 
ment of the device. 

50 32. The device of Claim 31 wherein said at least one 

flexible strand comprises a plurality of flexible 
strands of a resilient material, and at least one ra- 
diopaque strand to provide a radiopaque marker of 
the deployed configuration of the device. 

55 

33. The device of Claim 31 wherein said at least one 
therapeutic fiber is woven about adjacent loops of 
the coil. 
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34. The device of Claim 31 wherein said at least one 
therapeutic fiber is woven about non-adjacent loops 
of the coil. 

35. The device of Claim 32, wherein said at least one 5 
therapeutic fiber is woven through the multiple 
strands of adjacent loops of the coil. 

36. The device of Claim 32, wherein said at least one 
therapeutic fiber is woven through the multiple to 
strands of non-adjacent loops of the coil. 

37. The device of Claim 31 wherein said at least one 
therapeutic fiber is made of a material that will pro- 
vide a timed release of a therapeutic agent intended is 
to become active after placement of the device. 

38. The device of Claim 37, wherein said therapeutic 
agent selected from the group consisting of human 
growth hormone, collagen, a modified poiymer with 20 
growth factor, ^genetic material for gene therapy, 
and antigens. 

39. The device of Claim 37, wherein said at least one 
therapeutic fiber comprises aplurality of therapeutic 25 
fibers, with different fibers provided in the coil with 
different therapeutic agents to provide different 
therapies. 

40. The device of Claim 31 wherein said coil secondary 20 
three dimensional configuration is helical. 

41 . The device of Claim 31 wherein said at least on flex- 
ible strand comprises a nickel-titanium alloy. 
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